The angle of fiber optic bending has been optimized to obtain the highest sensitivity and accuracy of blood glucose level sensor. The bending angle was varied between 0 ∘ (straight sensor) and 180 ∘ (u-shaped sensor) with a step of 30 ∘ . The fiber optic was used to guide light from red diode laser source (λ=650 nm) to a photodiode detector.
Introduction
Diabetes is a metabolic disorder where pancreatic gland cannot produce any or enough insuline or body cannot use the produced insuline effectively [1] . The number of people with diabetes is very high and tend to increases very rapidly. In 2017, more than 425 million adults lives with diabetes where 12 million are Indonesian [2] . This number puts Indonesia in the sixth place globally behind China, India, USA, Brazil and Mexico.
Diabetic patients are susceptible to infection and complication that in extreme cases may cause death. About 4 million people die every year due to diabetes and its complications. ICBSA 2018 Diabetes cannot be cured completely. The best one can do is controlling sugar blood level within a normal range to avoid complications [3] . Therefore, regular monitoring that is a few times in a day is a must for patients. Blood sugar level measurement is usually based on reaction of blood sample with a specific enzyme. This method is inconvenient and relatively unsafe because obtaining blood sample by finger pricking may lead to infection because of insuline deficiency. Therefore, non-invasive means for blood glucose measurement is highly demanded.
Non-invasive measurement can be carried out using other body fluids like urine, saliva, sweat, and tears [4] . Compared to other fluids, urine is preferred because it is easy to collect and its glucose content correlates well with that of blood sample. Measurement of blood glucose level using urine sample was initially based on color change. Color of urine after reaction with benedict solution and heat treatment changes depend on sugar level. Color based estimation is not so accurate, therefore measurement based on light attenuation after passing through urine sample is used often. Infrared and Raman spectroscopies suffer from strong water molecule absorption or long measurement time [5] . Evanescent wave based fiber optic sensor offers several advantages for example high accuracy and sensitivity.
The sensitivity of evanescent wave sensor depends on bending radius and the length of cladding stripping [6] . The authors found that u-turn (bend) fiber optic is more sensitive and accurate than the straight one even though there is no detailed explanation. In this work we report the dependency of sensitivity and accuracy on bending angle of fiber optic sensor. Bending affects penetration depth of evanescent wave into urine sample, hence influences the performance of fiber optic.
Materials and Methods

Material preparation
The developed glucose sensor consists of a fiber optic, a photodiode, a red laser diode (λ=650 nm), Arduino UNO microcontroller, and a LCD. The fiber optic is used as sensing and light guiding medium from the laser source to be detected by the photodiode. 
Urine sample preparation
Urine samples from diabetic patients were obtained from Dr. Reksodiwiryo Hospital,
Padang. Prior to measurement, urine samples were reacted with benedict solution with a volume ratio of 1:1 [7] . Urine samples were then heated for 30 seconds using a bunsen burner until color change was observed. The data of glucose level of diabetic patients measured in the hospital laboratory were used as reference values. 
Characterization of fiber optic sensors
Measurement of blood glucose
Transfer function of fiber optic sensor for each bending and cladding removal was 
Results and Discussion
Transfer function of fiber optic sensor
Characteristic of sensor output versus glucose concentration is shown in Fig. 3 . The 
Sensitivity of fiber optic sensor
Sensitivity of the fiber optic sensors is obtained from the slope of photodiode output voltage versus glucose concentration. Fig. 4 shows linear increase of the sensitivity of glucose level sensor as a function of fiber optic bending angle for different cladding removal length. It is also visible that the highest slope of the sensitivity increase is obtained for cladding removal length of 4 cm.
The increase of sensitivity with bending angle corresponds to the increase of evanescent wave penetration depth. Larger penetration depth means a higher interactions between evanescent wave and glucose molecules in urine. Stronger interaction causes higher attenuation of guided light in fiber optic core that can be detected by photodiode. The fiber optic sensor with 4 cm cladding removal shows the strongest dependency on bending angle. This is likely due to the balance of interaction and radiation losses.
When cladding removal is too long, loss is so severe that sensitivity declines. The highest accuracy of 98.57% is obtained for sensor with cladding removal of 1 cm.
Accuracy of sensor analysis
The lowest average accuracy of 91.60% is obtained for sensor with cladding removal of 3 cm.
High accuracy can be explained as a result of strong interaction of evanescent wave and glucose molecules in urine. Slight dependency of accuracy on bending angle can also be explained due to an increase in the penetration depth of evanescent wave.
ICBSA 2018 
Clark error grid analysis
The accuracy of fiber optic sensor to measure glucose level is shown as Clark Error Grid plot in Fig. 6 . The plot displays correlation of measured glucose level from fiber optic sensor and glucose level from standard laboratory test. The plot is divided into several areas A, B, C, D and E which gives information about the reliability of measurement data. Accurate measurement is obtained if most of the data lie in region A and no data in region C, D, and E.
The glucose level data measured using developed fiber optic sensors lie almost 100% in area A, and only two data points are in area B. This means that fiber optic sensor is accurate and measured data are reliable to be used by diabetic patients.
Conclusions
We have shown that the sensitivity of fiber optic sensor for glucose level measurement is very accurate and sensitive. The sensitivity of fiber optic sensor increases linearly on bending angle and the length of cladding removal. Fiber optic sensor with large bending angle is suggested to obtain high measurement sensitivity and accuracy. The highest sensitivity of fiber optic sensor is 0,37 mV/(mg/dL). The accuracy of all developed fiber optic sensors is above 91%. Clarke error grid analysis indicates that fiber optic sensor fulfill the requirement to be used by diabetic patients.
